Seasonal variations in environmental conditions can have significant influence on flowering pattern and yield of roses. Evaluation studies were conducted to determine the flowering pattern and yield determinants of two Hybrid Tea rose cultivars in response to seasonal variations under rainfed conditions. The 2 × 2 × 4 factorial experiment arranged in split plot design at three replications was conducted at two seasons (dry and wet) using two cultivars (cv. "Immaculate" and "P.H. Baby", white and red flowers respectively) supplied with poultry manure (PM) application rates at 5, 10 and 20 t/ha where the unfertilized (0 t/ha) served as control. The result showed that the year two environmental conditions of both experiment I and II significantly improved plant height, number of leaves, number of buds (CNB) and opened flowers (CNF) and flower yield (FYD). "Immaculate" was significantly (p ≤ 0.05) taller with more leaves but thinner girth. Although generally lower in NF/NB, and not different in FYD, the "P.H. Baby" had more flowers (CNB and CNF) in experiment I. Except for no significant difference in FYD and lower NF/NB recorded by all manure rates compared to control in experiment II, plants treated with 5 t/ha PM recorded more flowers (CNB and CNF). Significant first and second order interaction effects (p ≤ 0.05) showed that "Immaculate" had taller height and more leaves but "P.H. Baby" had more CNB and CNF, although both were not different in FYD. In addition, plants supplied with 5 t/ha PM rates were better in plant height, number of leaves, CNB and CNF compared to other manure rates. In conclusion, year two environmental conditions supported better crop growth and yield, "Immaculate" grew better vegetatively but both were not different in floral yield, while the 5 t/ha PM was considered the optimum manure application rate under the rain-fed condition.
Introduction
Hybrid tea class (Rosa × hybrida) are selected varieties that are vegetatively propagated for selected traits such as flower bud and flower quality (shape, colour and fragrance), stem length and vase life, and are grown by commercial flower growers for cut-flower market and for the domestic uses and industrial landscaping [1] . However, cultivation and trade in the ornamental plants in Sub-Saharan Africa, especially Nigeria and West Africa are based mainly on garden plants production (80 percent), while the remaining 20 percent in form of cut-flowers are mainly for commercial decorations at special occasions and important ceremonies, but the aspect of gift packages due to less traditional recognition of the relative importance are often in the range of 1 -3 percent of the total production.
In Nigeria, in particular important production and commercial centres are located in the cosmopolitan city of Lagos in South West Nigeria, alongside other cities in the humid rain forest which include Calabar in South-East and Port-Harcourt in South-South, while other centres characterised by the drier savannah vegetation include Abuja (the Federal Capital City) and Jos Plateau both located in the Middle Belt zone. Despite the abundant and vast expanse of land, labour and natural resources, Nigerian growers are yet to key in to utilize the available opportunities offered by the booming cut-flower trade in Europe. Although for the economic consideration in the attractive income and creation of job opportunities for the teeming youth could become a major player in the cut-flower production as gift packages in the near future.
Economic yield which is the primary concern of growers depends especially on adequate flowering as well as in the satisfactory produce utilization by the consumers [2] . Roses are generally classified as day neutral and flowering is recurrent throughout the year if growing conditions are conducive [3] , however, production of quality rose cut-flowers are determined by many factors among which are light levels, plant architecture, temperature, fertilizer timing and applications, choice of cultivar, and pest and disease management [1] [3] . Although water stress as an important flower bud induction mechanism in most tropical climates requires perhaps 2 -3 months of stress for economic levels of flower bud induction [2] [4] . Nonetheless, although floral intensity (flowers per shoot) increases with accumulated low temperatures, it could also diminish with the presence of crop load and the occurrence of high temperatures, in which the latter may be related to sprouting of flowering buds [2] .
Considerable uncertainty still exists on how crop species will respond to matters of high importance such as the observed alterations in global temperature and precipitation patterns [5] - [7] which pose significant threats to existence and productivity of crop species. Strategies to cultivate such a "high tech" demanding crop plant will need to be developed to encourage the massive cultivation alongside attractive yield responses for a sustainable cut-flower trade in tropical environment of Sub-Saharan Africa. Attempts to improve crop yields in tropical environment where lowest yield and low quality are among the major problems confronted by crop growers will require manipulating the important growth factors such as plant/soil nutrition, light and temperature which should be the sole aims of modern day research [8] . This will necessitate development of quality production packages which will include soil-less cultivation, efficient nutrient usage and performance of cultivars required under their own rootstocks which may necessarily include consumer consideration for increased fragrance an aspect under selection by plant breeders [9] .
However, most nutrient management systems while concentrating on maximizing yield often neglect to balance the need of the crop with the desire to minimize contamination of the environment [10] . Thus the indiscriminate and excessive application of fertilizers in cropland to obtain high crop yields have been reported to cause serious environmental problems, including soil physical structure deterioration, salt accumulation, secondary salinization, and other effects [11] . Nonetheless, the influence of organic matter on soil biological, chemical and physical properties has been reported to affect crop growth and yield either directly by supplying nutrients or indirectly by modifying soil physical properties.
The applied manure can also affect immobilization and mineralization of N, promote the release of soluble P and accelerate the process of structural K release, making it closer to that needed by the crops [12] - [14] . Apart from this, organic-intensive methods have resulted in higher yields than conventional methods more often for the same crop in the same setting [15] . This is supported by the consistently high yield ratios reported from the developing world when farmers incorporate intensive crop production with various agro-ecological techniques, such as crop rotation, cover cropping, agroforestry, addition of organic fertilizers, or more efficient water management [16] [17] . Although organic manure is strongly influenced by prevailing environmental conditions of temperature and water availability which is reflected in the rate of crop residue or organic waste mineralization [18] - [20] indicating that N mineralization will be greatest during warmer periods when soils are moist [21] . The relative differences in the release of nutrients from various fertilizers could therefore lead to different C/N ratios in plants and this in turn could lead to difference in the production of secondary metabolites [22] , which depending on growers primary objective will require resource input manipulation for maximum crop growth and productivity. Most organic farms therefore rely on the sustainable intensification of farm management practices that rely on renewable resources, ecological stability, and biodiversity [23] , to increase productivity and lessen environmental degradation [24] - [26] .
Environmental regulations of reproductive growth of many tropical and subtropical crops have not been extensively studied [2] . In consideration of these facts, research efforts to evolve an efficient nutrient usage should primarily attempt to investigate crop responses to applied organic manure rates under rain-fed conditions. This will assist to unravel the effects of seasonal variability of rainfall and temperature, and the effect of cloudiness on irradiance both within and between seasons on crop production when adopting organic production methods. The specific objectives of this study therefore include the determination of the interactive effects of rose varieties in response to applied organic soil amendment materials under wet/dry environmental conditions, and the determination of the best plant species-oriented manure application rate to adopt for efficient and effective rose production and productivity under rain-fed condition.
Methods

Description of Experimental Site
Field experiments were conducted between 2012 and 2014 at the Federal University of Agriculture, Abeokuta, Ogun State, South-western Nigeria (Lat. 7˚12'N, Long. 3˚20'E. Alt. 100 m a.s.l.). The plot used had previously been cropped with maize and left fallow for three years before this experiment. The prevailing weather of the study area for the duration of the experiment is as shown in Table 1 .
For the two phased experiment, the experiment I, conducted in the dry weather recorded for rainfall (417.0 and 262. Table 1) . Except for the reduction in year two values observed for both rainfall and maximum temperature in experiment I, and for evaporation of both experiment I and II, all observed weather parameters in both experiments I and II experienced marginal or substantial increased in values. This could have accounted for the seasonal variation in the environment. The results of the analysis of the pre-cropping physico-chemical property of the site and of the poultry manure used are presented in Table 2 . Except for the lower P and Zn values, the soil was high in N and K values, and high in micro-nutrient Na, Mg, Mn and Fe but moderate in ECEC and organic carbon [27] (Sobulo and Osiname, 1981).
Experimental Design
The two hybrid tea rose cultivars selected for the study were cv. "Immaculate" and "P.H. Baby" which were white and red flowered respectively. The plants grown under normal field conditions were supplied with manure application rates of 5, 10 and 20 t/ha poultry manure (PM) where the unfertilized plot (0 t/ha) served as control. The 2 × 2 × 4 factorial experiment arranged in split plot design was replicated three times for the two different seasons. The two phased seasonal studies adopted a methodology of repeating both dry and wet season cultivation in a two year consecutive study. The experiment I conducted between September and December of 2012 and repeated same period in 2013 utilized juvenile seedlings obtained from a commercial grower in Ibadan, Nigeria while the experiment II conducted between March and June 2013 and repeated same period in 2014 utilized the 6-month-old plants from experiment I. The experimental unit comprised of one plant per plot and the plants were spaced at 1 m apart between rows and within rows. The manure was applied in ring method at 30 cm away from the plant. The experiment was maintained by regular application of water to sustain the plant during dry weather, regular weeding of the plots and organic methods of controlling pest and disease organisms [28] .
Data Collection and Analysis
The data collection was done weekly by measurement of crop growth parameters such as plant height (cm), stem girth (cm) and number of leaves, and the flowering phenology variables which include number of flower buds per shoot, number of flowers opened per flowering bud, and floral intensity (number of flowers per shoot), and actual flower yield (kg/ha). The three factor experiment arranged in split plot design was analyzed using analysis of variance method [29] . The means were compared by the least significant method at p ≤ 0.05 [30] . The various trend and relationships were presented using graphical methods, correlation/regression analysis to describe level of association/relationship [29] .
Result
Vegetative Growth Responses
Significant differences (p ≤ 0.05) were obtained for the season effect where in experiment I and II, the year two environmental condition significantly improved crop responses in plant height and number of leaves but caused retardation effects on stem girth ( Table 3 ). Significant differences (p ≤ 0.05) were obtained for species responses where in experiment I and II, "Immaculate" performed better than "P.H. Baby" in possessing taller height and more leaves only, although there was no significant difference in stem girth of experiment I, but "P.H. Baby" had thicker girth in experiment II ( Table 3) . Also significant differences (p ≤ 0.05) were obtained for manure influence where in experiment I and II, plants treated with both 5 t/ha and 10 t/ha PM were taller and had more leaves in experiment I, but plants treated with 5 t/ha PM had thicker girth in experiment I, and taller height, thicker girth and more leaves in experiment II compared to those with 10 t/ha PM and other treatments ( Table 3) .
Flowering and Flower Yield
Significant differences (p ≤ 0.05) were obtained for the season effect where in experiment I and II, the year two environmental condition significantly improved flower bud formation (NB) (Figure 1 Table 4) . Although the year two recorded more CNB and CNF compared to year one in both experiment I and II, and despite the no significant difference in flower yield (FYD) of experiment I, it recorded heavier FYD in experiment II, but was lower in number of flowers per flower buds (NF/NB) in experiment II (Table 4) (Figure 3(a) & Figure 3(b) ).
Significant differences (p ≤ 0.05) were obtained for species type where the "P.H. Baby" although lower in vegetative growth most of the times, and except for a reversal in trend causing more flowers in Immaculate at 16 w.a.t, of experiment I, the "P.H. Baby" recorded significantly more NB (Figure 4(a) & Figure 4 (b)) in both weekly and cumulative count compared to the "Immaculate". Although there was a reversal at 16 w.a.t. of experiment I and 40 w.a.t of experiment II where "Immaculate" recorded significantly higher compared to "P.H. Baby" there was no significant difference in NF among both cultivars (Figure 5 Figure 6(b) ). Also "P.H. Baby" had more flowers (CNB, CNF and FYD) in experiment I, but there was no significant difference among both in flowering pattern in experiment II ( Table 4 ).
Significant differences (p ≤ 0.05) were obtained for the responses to manure rate which showed an irregularity in observed flowering pattern (NB and NF) (Figure 7 (Figure 9(a) & Figure 9(b) ) were recorded for plants treated with 5 t/ha PM at onset of flowering in experiment I, but no significant difference observed at 16w.a.t among the treatments in experiment I, and throughout in experiment II. Nonetheless, plants supplied with 5 t/ha PM were higher most of the times in NB which was significant at 11 -12 w.a.t. and 35 -36 w.a.t. and for NF at 13 w.a.t. and 33 w.a.t, however, an eventual significant higher response was observed for plants treated with 10 t/ha at 40 w.a.t. (NB) and 20w.a.t. (NF) (Figure 7(a) & Figure 7(b), Figure 8(a) & Figure 8(b) ). Although there was no significant difference in FYD recorded for experiment I, all manure rates were significantly higher in the influence on FYD in experiment II. The 5 t/ha PM was significantly higher in flower production (CNB, CNF and NF/NB) in both experiment I and II, and except for the no significant difference between 0 t/ha and 20 t/ha in CNB and CNF in experiment II, all manure rates were significant higher compared to 0 t/ha (Table 4) (Figure  9(a) & Figure 9(b) ).
Season, Species and Manure Interaction Effects on Growth and Yield
Significant season × species (p ≤ 0.05) and significant season × species × manure rate (p ≤ 0.05) interaction effects recorded consistently taller height and more leaves for the "Immaculate" compared to "P.H. Baby" in both experiment I and II, but though "Immaculate" was taller with more leaves in year two, the "P.H. Baby" had more leaves compared to the "Immaculate" in year one ( Table 5 ). The plants in "Immaculate" treated with 5 and 10 t/ha PM were taller in experiment I and had more leaves in experiment II, while only plants in "Immaculate" treated with 5 t/ha were taller in experiment II. Nonetheless, the plants in "P.H. Baby" treated with 10 t/ha were taller in experiment I while plants in "P.H. Baby" treated with 5 t/ha were taller with more leaves in experiment II ( Table 6 ).
Significant season × manure rate (p ≤ 0.05) and significant species × manure rate (p ≤ 0.05) interaction effects Means of data within the same column followed by same letters are not significantly different, ns = not significant, † = weeks after transplanting. Means of data within the same column followed by same letters are not significantly different by Fisher's test, ns = not significant, † = weeks after transplanting.
recorded for year two consistently taller height and more leaves in both experiment I and II and more cumulative number of leaves in experiment II. Thus the plants treated with 10 t/ha PM in year two were taller with more leaves in experiment I, but plants treated with 5 t/ha were taller, had more leaves and more flowers in experiment II. Nonetheless, plants treated with 5 t/ha and 20 t/ha had taller plants, more leaves and flowers in experiment I and had taller plants in experiment II but all manure rates had more leaves than 0 t/ha in experiment II ( Table 7) . For the "Immaculate" compared to the "P.H. Baby", significant taller plants with more leaves in experiment I and II, and more flowers and thicker girth in experiment II were obtained. Although the plants treated with 5 t/ha PM were taller in both experiment I and II, and plants treated with 10 t/ha PM had more leaves in Means of data within the same column followed by same letters are not significantly different by Fisher's test, ns = not significant, † = weeks after transplanting.
experiment I, and those with both 5 t/ha and 10 t/ha had more leaves in experiment II,. nonetheless the "P.H. Baby" recorded more flowers and thicker girth in experiment I and II respectively, while the plants treated with 5 t/ha were best in flower formation and in thicker girth compared to the "Immaculate" ( Table 8 ).
Correlation Relationship between Season, Specie and Manure
In experiment I, significant correlation (p ≤ 0.05) responses were obtained in the roses cultivated in dry season ( Table 9) . Season variation was significantly correlated with plant height but negatively correlated with stem girth. Both species and manure recorded no significant correlation with growth and flowering pattern of roses. Although cumulative number of bud (CNBD) significantly correlated with cumulative number of flowers (CNFL), all vegetative growth parameters were not correlated with flowering, nonetheless plant height was significantly correlated with number of leaves, and slightly but negatively correlated with stem girth.
In experiment II, significant correlation (p ≤ 0.05) responses were obtained in the roses cultivated in the wet season (Table 10) . Season was significantly correlated with plant height, cumulative number of bud and cumulative number of flowers, but negatively correlated with stem girth. Both species and manure recorded no significant correlation with growth and flowering pattern of roses. Nonetheless plant height was significantly correlated with number of leaves, cumulative number of bud and cumulative number of flowers but negatively correlated with stem girth. The cumulative number of bud significantly correlated with cumulative number of flowers.
Discussion
Sources of Seasonal Variation
Although seasonal variation through recorded data over the years could be predicted to a reasonable level, the effect of climate change now a global phenomenon is introducing another dimension in local temperature range which brings serious concerns to species adaptability, survival and/or productivity responses to such observed changes. In this study, seasonal variation (rainfall, temperature, evaporation and sunshine duration) were varied for the period of study which could have accounted for environmental variations that affected the rose cultivars in growth and yield. The variations observed showed a reduced value of year two rainfall in experiment I compared to the relative increase in year two of experiment II, accompanied by greater reduction albeit with greater increase in values of maximum and minimum temperature respectively, alongside the greater reduction in evaporation coupled with greater increase in sunshine duration in experiment II compared to obtainable experiment Means of data within the same column followed by same letters are not significantly different by Fisher's test, ns = not significant, † = weeks after transplanting. Table 9 . Correlation relationships between season, species and manure rates treatments and the vegetative growth and yield parameters of rose cultivars at 16 w.a.t. I. Although the observed crop response to temperature did not conform strictly with earlier report by [31] that the daily minimum temperature was probably more important than maximum temperature ˚C because flowers usually open before midday, but captured another variable in the temperature influence on flower induction. Therefore in the absence of a decrease in minimum temperature, the observed temperature difference between the maximum and minimum temperatures played the major role of induction mechanism in the rose cultivars. Thus the differences between the maximum and minimum temperatures recorded for both years one and two which were higher in experiment II (10.1˚C and 9.8˚C respectively) compared to obtainable in experiment I (9.7˚C and 8.8˚C respectively) were implicated in the flower induction and production differences in both stages of the study.
Seasonal Effect of Environmental Condition on Growth and Yield of Roses
The seasonal variations in year two of this study caused significant increase in crop growth in both experiment I and II. Thus the significantly higher year two responses in plant height and number of leaves although with corresponding significant decrease in stem girth could be due to higher moisture and lower evaporation. Although drier weather in year two of experiment I coupled with lower maximum temperature could trigger flower bud initiation [32] - [34] , but could not sustain number of opened flowers, while the reverse in year two of experiment II could be due to higher evapo-transpiration affecting flower opening. Also despite the higher minimum temperature, the lower maximum temperature and longer sunshine durations could have influenced more cumulative number of flower buds and opened flowers. This indicated the influence of lower temperature in flower induction, which confirms the report by [2] that floral intensity (flowers per shoot) increases with accumulated low temperatures, and diminishes with the presence of crop load and the occurrence of high temperatures, in which the latter may be related to sprouting of flowering buds. Moreover, the corresponding decrease in margin of opened flowers compared to number of flower buds in experiment II compared to obtainable in experiment I indicated that there exists a proportionate supportive threshold required for soil moisture which was not met in experiment II indicating that rain-fed rose cultivation would require supplemental irrigation for effective productivity.
Despite the positive influence of season in experiment I and II resulting in positive correlation with plant height and number of leaves but negative correlation with stem girth, the non-correlation of season on the one hand and of plant growth parameters (plant height and number of leaves) on the other hand with flowering in experiment I compared to the significance correlation with both obtained in experiment II indicated the contribution effect of both on flower formation and revealed influence of environmental factors (of complex interrelationship between rainfall, temperature, evapo-transpiration and irradiation) as the major player in flowering response of roses, while plant height and rate of leaf formation could be regarded as the among the yield determinants in roses. Thus the lower irradiance in reduced sunshine hours of September to December (4.0 and 4.3 hours which gradually increased to 6.3 and 6.2 hours respectively) coupled with reduction in moisture availability (from 181.4 and 136 mm to 1.3 and 16.5 mm respectively) accounted for the poor response in Experiment I compared to Experiment II. Also the variability in rainfall pattern and the effect of cloudiness on irradiance affecting quality of light during raining season in experiment II between March and June in 2013 and 2014 accounted for the depression observed in flowering pattern, while the reduced temperature triggered a later improvement in flowering pattern. This confirmed the report of [35] that despite the role water stress can play, drought conditions is not as beneficial for flowering as cool weather.
Moreover, the differences in absorptance capacities of both cultivars could have accounted for the different flowering behaviours displayed in experiment I and II where the "P.H. Baby" was more prolific with increasing margin in flowering behaviour in experiment I but the "Immaculate" was triggered to produce more flowers in experiment II thereby reducing the margin of differences between both cultivars to a level of no significant difference. Earlier reports have stated that light quality affects morphogenesis and overall appearance of rose plants, where an increased red/far red ratio in roses reduced plant height and increased leaf chlorophyll content [36] and the number of flowers [37] [38] . In addition several plant species including roses which have leaves with different visual appearance [39] - [41] , have red leaves containing higher concentration of anthocyanins which showed slightly higher absorptance of green light compared to the green leaves, hence the differences in absorptance of green light were attributed to the contribution of varying levels of anthocyanins in such leaves [42] [43] . The variation in red leaves component over time during leaf flush of the two cultivars could have contributed to both the appearance and flowering behaviours of both in this study.
Species Effect of Rose Cultivars on Growth and Yield of Roses
The "Immaculate" however, appeared more vigorous compared to "P.H. Baby" in the taller height and more leaf production. The year two condition favoured both cultivars in plant height and number of leaves compared to year one, although "P.H. Baby" thrived better in year one than "Immaculate". The better stem girth development in "P.H. Baby" probably supported the prolific flowering habit in experiment II. Nonetheless, the non-correlation between plant species type and vegetative growth or flowering pattern of roses indicated that other factors apart from both plant species type and manure rate were involved in the responses obtained in rose cultivation as earlier stated above. The no significant difference in CNB, CNF and FYD among both cultivars in experiment II could mean that better environmental condition compared to obtainable in experiment I accounted for in the wider margin in temperature differences between max. and min. temp., higher evapo-transpiration and longer sunshine duration could have favoured both cultivars and triggered CNB and CNF in the "Immaculate" in particular to a level of no dominance among both cultivars.
Manure Effect on Growth and Yield of Roses
The manure effect expressed itself in plant height, stem girth, number of leaves and cumulative number of flower buds but could not sustain cumulative number of opened flowers. The non-correlation between manure rate and vegetative growth or flowering of roses reveal the poor nutrient availability due to slow rate of mineralization and the high nutrient demanding nature of rose plant, hence the sole dependence on inherent soil fertility. However, both 5 t/ha > 10 t/ha PM in that order had significant influence on vegetative growth compared to those treated with 20 t/ha. Also [18] - [20] had reported that N mineralization increased with increasing moisture content and temperature and hence N mineralization will be greatest during warmer periods when soils are moist [21] nonetheless the net release of nutrients from organic matter is a function of decomposition ratios of the different organic matter fractions and of the uptake of nutrients by the growing biomass [44] . Hence the bulkier nature of the 20 t/ha will require more moisture and temperature input before meaningful decomposition processes compared to lower rates.
The "Immaculate" and "P.H. Baby" kept their identity in response to the level of available nutrient in the soil. The higher "Immaculate" plants ability to thrive in unfertilized plots with 0 t/ha could be due to the inherent ability to thrive in any soil while the "P.H. Baby" is nutrient demanding and will require more nutrient availability before any meaningful performance. Nonetheless, the plants treated with 20 t/ha could not perform favourably compared to other lower rates due to the much bulkier nature thus requiring more input of natural resources to mineralize leading to poor nutrient uptake by plants. The plants treated with unfertilized 0 t/ha were least in growth responses indicating that rose plants were high nutrient demanding plants. Hence, except under practical organic farming, addition of inorganic fertilizers may be required to sustain increased flower yield [45] - [47] . Moreover, the more CNF in plant treated with 5 t/ha PM compared to other rates but no significant different in FYD among all manure rates indicated a compensatory effect from higher floral unit weight of plants treated with 10 t/ha or 20 t/ha PM rates, which is a measure of the better flower quality produced at higher manure rates. Nonetheless [48] had earlier reported that higher floral unit weight induced by higher nutrient uptake is inversely proportional to vase life quality and length of days of cut-flowers in storage.
The synergy between seasonal conditions expressed in year two and manure rates produced better growth in both cultivars compared to obtainable in year one of both experiment I and II, and in better CNB in experiment II. The better plant growth when treated with 10 t/ha in experiment I could be due to the relative higher micro-nutrient content released compared to obtainable in those treated with 5 t/ha while the better performance of plants treated with 5 t/ha in experiment II could be due to poor mineralization and nutrient exhaustion in the 10 t/ha. However, 5 t/ha appeared optimum for both year one and two seasons in experiment I and II, although the more leaves of plants treated with 0 t/ha could be due to inherent soil fertility and the poor rate of mineralization.
Conclusion
In conclusion, in the absence of the required decrease in minimum temperature, although level of moisture availability and light quality were also implicated, the margin of temperature difference between the maximum and minimum temperatures played the major role of flower buds induction mechanism in the rose cultivars. The "Immaculate" and "P.H. Baby" kept their identity in response to level of available nutrient in the soil. The higher "Immaculate" plants' responses and ability to thrive in unfertilized plots with 0 t/ha compared to the "P.H. Baby" further revealed the genetic differences. The "P.H. Baby" appeared to be more nutrient demanding due to the prolific ability in flower production compared to the more vigorous "Immaculate". The 5 t/ha manure application rate was more optimum for both years one (dry) and two (wet) seasons' production of roses in both the vegetative growth and flower production. Although the more number of leaves produced by plants treated with 0 t/ha could be due to inherent soil fertility and the poor rate of mineralization in the applied manure.
